Climate change is increasing the salinity of waters in the Mediterranean region. This effect may negatively affect the resilience of aquatic communities and modify regional dynamics, favouring the colonization of salt-tolerant species. Our objective was to test the effects of salinity on the resilient capacity and dispersal response of rotifers at different temperatures through the study of their hatching success. Hatching responses are compared between diapausing eggs isolated from the sediments of two peridunal lakes and from waterbird faecal samples collected in the same area. Experiments were performed at two temperatures (15 and 25°C) with four salinity treatments (0.2, 1, 4 and 8 g L
Mediterranean lakes between 2001 and 2050 (Copetti et al., 2013) .
The ecological state of shallow lakes is expected to be modified by climate change and compensatory increases in water abstraction, with changes in water level and salinity in arid areas ( Jeppesen et al., 2011 . Jeppesen et al. (2015) associated an increased salinity/conductivity with a decline in lake water levels in several semi-arid Mediterranean shallow lakes due to climate change and water extraction. Accordingly, shallow lakes may shift to oligohaline or mesohaline conditions.
Because freshwater biota do not generally extend into saline or slightly saline water (Frisch et al., 2006; Guareschi et al., 2015) , the species richness of freshwater biota would be decreased by a rise in salinity. Nielsen et al. (2003) suggest that aquatic biota (bacteria, algae, aquatic plants and invertebrates) are negatively affected when the salinity exceeds 1 g L −1 . Zooplankton may be a good proxy for the effects of climate change ( Jeppesen et al., 2011) , and Toruan (2012) proposed its usefulness to estimate the sensitivity of ecosystems to salinity. The absence of fish in most temporary wetlands reinforces the value of zooplankton as a tool for evaluating ecological quality in Mediterranean wetlands (Gilbert et al., 2015) . Brucet et al. (2009) observed that crustacean zooplankton was strongly affected by salinity but that temperature had no clear effect. A decline in phytoplankton and macrophyte richness has also been observed with an increase in conductivity (Muylaert et al., 2010; Lauridsen et al., 2015) . In contrast, Declerck et al. (2005) did not find a negative relationship between conductivity and the richness of zooplankton groups in similar lakes, although salinity has been positively related to rotifer abundance and negatively related to the abundance of cyclopoids (Brucet et al., 2010) and cladocerans (Frisch et al., 2006 , Badosa et al., 2010 .
Several studies have assessed the richness of zooplankton taxa by analysing sediment egg bank samples (Vandekerkhove et al., 2005a (Vandekerkhove et al., , 2005b . Although changes in environmental conditions could reduce the biodiversity of the active zooplankton community, diapausing eggs in the sediment could reflect a higher biodiversity, including viable diapausing eggs awaiting better hatching conditions. This may favour the resilience of water systems once they have recovered their initial conditions. Zooplankton resilience depends on the viability of diapausing eggs and on the environmental conditions that trigger diapausing egg hatching. Studies have suggested that oxygen concentration, food levels, photoperiod, temperature and/or light presence determine the hatching of diapausing eggs in different zooplankton species (Pourriot and Snell, 1983; May, 1987; Brendonck and De Meester, 2003; Gyllstrom and Hansson, 2004; Vandekerkhove et al., 2005a; Pérez-Martínez et al., 2013; Garcia-Roger et al., 2006 , 2014 and different responses in populations of the same species (Weider and Hebert, 1987; Speer and Weider, 2018) . Hatching conditions may differ among systems according to their environmental characteristics, and photoperiod would be a relevant factor for zooplankton hatching in low-altitude systems (Vandekerkhove et al., 2005a) . However, with the exception of Artemia species (Speer and Weider, 2018) , there has been little research on the effect of salinity on zooplankton hatching rates. Santangelo et al. (2014) described an inhibition of rotifer hatching rates at high salinities, but only performed studies at 24°C and did not report on specific patterns of hatching rates and salinity. Nevertheless, optimal hatching rates might be achieved around an intermediate value of salinity, given the observation by Santangelo et al. (2014) of a more or less quadratic pattern between hatching of some rotifer species and salinity, although this was not explicitly reported by the authors.
Climate change may modify the regional dynamics of aquatic organisms (Tuytens et al., 2014) . Thus, salinity alterations may favour the colonization of salt-tolerant species , although zooplankton resilience may also be favoured by the dispersal of diapausing eggs from unaffected areas (Santangelo et al., 2014) . In an experimental study, Thompson and Shurin (2012) showed that dispersal may increase the resistance of local ecosystems to environmental stress by providing regional species adapted to stress conditions. Anecdotal evidence of the overland transport of zooplankton by vectors such as wind, rain, insects and vertebrates has been accumulating for over a century (Darwin, 1859; Proctor and Malone, 1965; Bohonak and Whiteman, 1999) . Experiments in artificial systems (experimental ponds, wading pools) indicate that dispersal limitation is likely important in structuring zooplankton assemblages (Holland and Jenkins, 1998; Jenkins and Buikema, 1998) . However, experiments in natural fishless ponds and larger lakes conclude that dispersal limitation plays a minor role (Lukaszewski et al., 1999; Shurin et al., 2000) , and Viana et al. (2014) suggest that it may only be important at large scales (>300 km). In our study region, dispersal limitation was suggested in crustaceans but not in rotifers (Frisch et al., 2012) .
Several studies have shown that waterbirds can frequently carry viable diapausing eggs of invertebrates in their digestive tract and feathers (Proctor and Malone, 1965; Charalambidou and Santamaría, 2002; Green and Figuerola, 2005) . Charalambidou et al. (2003) experimentally investigated the survival of diapausing eggs after their passage through the digestive tract of four species of ducks. They concluded that the probability of endozoochorous dispersal is low in individual ducks, although it can be very high in some cases (Sanchez et al., 2007) , but it would be elevated at a population level. Figuerola et al. (2003) observed differences in the number of dispersed aquatic propagules among waterbird species, although the effect of waterbird species on the hatching response of invertebrates from faecal droppings is unclear (Frisch et al., 2007; Green et al., 2008; Valls et al., 2017) . This is because diapausing eggs were not previously isolated, except for Artemia cysts (Sanchez et al., 2012) . Consequently, the hatchlings observed in the above studies could be related to the amounts of diapausing eggs in the faecal droppings of the waterbirds. However, between-species variability in digestive efficiency (Green et al., 2008) may suggest differences in the viability of dispersed diapausing eggs. It is therefore necessary to study the hatching response of dispersed diapausing as a function of the waterbird species.
Several studies have shown that gut passage significantly changed the helophyte seed response to salinity (Espinar et al., 2004 (Espinar et al., , 2006 , and waterbird ingestion may also be beneficial for anostracans, at least for the Branchinecta genus (Rogers, 2014) .
However, the success of waterbird-dispersed diapausing eggs in water bodies with different salinity conditions has not been elucidated, and there is scant information on rotifer dispersal by waterbirds (Jenkins and Underwood, 1998) . Furthermore, we could find no published data on the effect of rotifer diapausing egg ingestion by waterbirds on hatching capability or on possible interaction effects between salinity and waterbird ingestion. As previously described for helophytes and anostracans (Espinar et al., 2004 (Espinar et al., , 2006 Rogers, 2014) , it is possible that waterbird ingestion may have an effect on the hatching response of rotifers.
In this study, we analysed the hatching response of diapausing eggs from different rotifer species to salinity concentrations and to waterbird ingestion by conducting comparisons between diapausing eggs from sediments and waterbird faecal droppings within a range of moderate salinity levels (0.2-8 g L
−1
). We hypothesized that (i) the hatching response of rotifers would show negative or quadratic relationships with salinity concentrations, (ii) the rotifer hatching response from waterbird faecal samples would vary among waterbird species and (iii) the hatching capability would differ between diapausing eggs from the sediments and those from waterbird faeces, because waterbird ingestion could affect hatching responses or dispersed populations could show different responses. All responses were evaluated at 15 and 25°C to explore the possible influence of temperature.
M E T H O D Study site
Rotifer diapausing eggs were obtained from two coastal peridunal shallow lakes (Dulce and Santa Olalla) located in Doñana National Park (southwest Spain, Fig. 1 ). This area is characterized by a Mediterranean climate, with seasonal and inter-annual variations in rainfall, which are responsible for drastic fluctuations in water levels (for general information about this area, see Green et al., 2016) . It has been reported (Serrano et al., 2006; LopezArchilla et al., 2012) that conductivity values during the period 1989-2005 ranged between 0.3 and 28.4 mS cm −1 in Santa Olalla lake (0.3-7.7 mS cm −1 during wet years), and between 0.2 and 16.6 mS cm −1 in Dulce lake (0.2-5.7 mS cm −1 during wet years). Hence, they are freshwater or oligohaline lakes during wet years (<4 g L −1 of salt) but are commonly mesohaline (>4 g L −1 of salt) during the summer in dry years. Both lakes are usually hydrologically isolated and have distinct limnological characteristics, but they can become connected during periods of high precipitation.
Diapausing egg samples
We collected 10-cm depth cores from the deepest part of each lake in different years (2009, 2010 and 2012) , three in Santa Olalla lake and four in Dulce lake. Only the top four centimetres of the sediment cores were used, as this is likely to comprise most of the viable and responsive zooplankton egg bank (active sediment) according to previous studies (2 cm by García-Roger et al., 2006; 3 cm by Pérez-Martínez et al., 2013; 4 cm by Carvalho and Wolf, 1989 ; 5 cm by Cáceres, 1998 and De Stasio, 1989) . Nevertheless, bioturbation signals have been described in the first 10 cm, at least in Santa Olalla lake (CondePorcuna et al., 2009) , which comprises a mixture of upper Fig. 1 . Location of Santa Olalla (UTM 29S E 724500; N 4095500) and Dulce (UTM 29S E 724000; N 4095700) lakes.

sedimentary layers. Cores were collected using a handoperated sediment core sampler composed of a 2-m long shaft and 50-cm long acrylic tube (see Vandekerkhove et al., 2005b) . Sediment samples were wrapped in aluminium foil and stored at 4°C. García-Roger et al. (2006) found that a time span of 2 months is needed to complete the mandatory refractory period for hatching diapausing eggs of the rotifer B. plicatilis. In the present study, sedimentary diapausing eggs were isolated after a resting period of 2-24 months, using the sugar flotation method developed by Onbe (1978) and modified by Marcus (1990) . The sugar flotation method has been used in previous studies of zooplankton hatching Vandekerkhove et al., 2005a; García-Roger et al., 2006; Pérez-Martínez et al., 2013; Santangelo et al., 2014) and was recently found to exert no effect on hatching rates (Lukic et al., 2016) . Differences in resting periods were related to the dates on which samples were obtained before running the experiments. We processed a total amount of 62.55 g of sediment (dry weight) from Santa Olalla lake and 133.70 g of sediment (dry weight) from Dulce lake, finding 535 diapausing eggs in sediments from Santa Olalla lake and 229 in those from Dulce lake.
Fresh waterbird faeces were collected on the shores of shallow lakes and on islands where waterbirds roosted, which were previously selected by binocular observation of waterbird groups, identifying their species when possible. Samples were collected during the autumn and/or winter over 2 years (2010 and 2012) . Sampling periods overlapped with the southward and northward migrations of waterbirds. Parts of droppings in contact with soil or sediment were removed to avoid contamination. We obtained faecal samples from randomly selected species: Anas clypeata, A. platyrhynchos, Calidris alpine, Egretta garzetta, Fulica atra, Platalea leucorodia, Porphyrio porphyrio, Sterna sp. and Vanellus vanellus. Anas platyrhynchos and F. atra were the only waterbird species studied in both years. Egretta garzetta, P. leucorodia, P. porphyrio, Sterna sp. and V. vanellus were studied in 2010 alone, while A. clypeata and C. alpine were studied in 2012 alone. Faecal samples were stored for 2-10 months in tubes at 4°C, and diapausing eggs were then isolated as described above for the sediment samples. On each sample day, faecal samples in different tubes were pooled by waterbird species, because samples were clearly identifiable by bird species but not by individual bird. We obtained 261 rotifer diapausing eggs from 327 waterbird faecal samples, which are described in greater detail elsewhere.
All the healthy diapausing eggs isolated from sediments and most of those isolated from faecal samples were used in hatching experiments (see Results). The taxonomy of rotifer diapausing eggs from sediments and waterbird faeces was identified according to their morphology under an inverted microscope, based on the description of rotifer diapausing eggs by Moreno et al. (2016 Moreno et al. ( , 2017 and also using Koste's identification key (Koste, 1978) . Healthy-looking diapausing eggs were eggs with a good appearance that exhibited intact envelopes and embryo content. We assumed that all healthy-looking diapausing eggs were viable (García-Roger et al., 2005) .
Hatching experiments
The effects of salinity and of the sediment or faecal origin of diapausing eggs on their hatching capability were examined by performing six hatching experiments at different times under the same conditions: four (Experiments 1-4) using diapausing eggs from sediments (sedimentary eggs) and the other two (Experiments 5 and 6) using diapausing eggs from waterbird faecal material (faecal eggs). Each experiment included diapausing eggs collected in Santa Olalla and Dulce lakes, and obtained on similar sampling dates. In each experiment, the diapausing eggs (regardless of species) were individually and randomly placed in wells of a 96-well polyethylene microplate with mineral water adjusted to different salinities (0.2, 1, 4 and
) on a long-day photoperiod [light:dark (L:D) = 14:10 h]. We assume a similar distribution of sampling dates and species between treatments. Because many rotifers hatch after lake refilling, when lakes are fresh or slightly oligohaline, a moderate range of salinity was selected to predict the results of a permanent shift in our study lakes from fresh to oligohaline conditions and from oligohaline to mesohaline conditions. Salinity solutions were prepared by adding Instant Ocean Sea Salt (see Atkinson and Bigman, 1998) to mineral water. The pH values in the artificial solutions were stable and alkaline (mean ± SD; 8.14 ± 0.30). Water pH is usually alkaline in Santa Olalla and Dulce lakes (Serrano et al., 2006) , especially in Santa Olalla lake (Lopez-Archilla et al., 2012) .
All experiments were performed in two Mettler incubation chambers. In each experiment, the diapausing eggs were randomly distributed between one chamber kept at 15°C and another kept at 25°C. These temperatures were selected because the average water temperature in these lakes ranges from 15 to 20°C during winter/early spring and from 25 to 30°C during the summer (unpublished data). A total of 491 diapausing eggs were incubated at 15°C and 496 at 25°C, regardless the origin of the eggs; 764 were sedimentary eggs and 223 were faecal eggs. Wells were studied daily under the microscope for 20 days to detect hatchings, recording the day of hatching and the species.
Statistical analyses
Statistical analyses were performed using the R 3.3.3 (R Foundation for Statistical Computing) program.
Generalized linear mixed models were applied to analyse the overall hatching success of rotifer diapausing eggs with Markov chain Monte Carlo (MCMC) methods, using the Bayesian R package "MCMCglmm" (Hadfield, 2010) . MCMC methods can readily handle complex models with multiple random effects when large data sets are considered (Bolker et al., 2009 , Hamra et al., 2013 and may be more robust than alternative strategies (Hadfield, 2010) . Hatching success was considered as a binary response variable (success = 1 or failure = 0), while predictor variables were: the sedimentary or faecal origin of the diapausing eggs; the salinity concentration, considered as a continuous variable; and the interaction between the origin of the eggs and salinity, to determine whether the response to salinity depended on the egg origin. We tested both linear and quadratic relationships with salinity, assuming that hatching rates might change linearly with salinity concentration and that hatching rates might be optimal at intermediate salinity values. Sampling date, experiment number, rotifer species and waterbird species were considered as random factors. "Lake" was used as a fixed factor to correct for potential site effects, given that it could not be considered a random factor (only two levels: Santa Olalla or Dulce). This is a useful strategy for nested effects if the number of groups is low (Schielzeth and Nakagawa, 2013) . We also performed these analyses considering only the mallard duck (Anas Platyrhynchos), because most of the faecal eggs belonged to mallard samples, and/or considering separately the origin of the diapausing eggs. Estimates of the predictors were considered statistically significant if the 95% credible intervals did not cross zero and if MCMCglmm pMCMC values were <0.05 (Fisher et al. 2013) . We used deviance information criterion (DIC) to compare linear and quadratic models in analyses of the relationship between hatching rate and salinity concentration. DIC is similar to AIC (Akaike information criterion) and is used in Bayesian approaches (Bolker et al., 2009) . We also used DIC to evaluate the statistical significance of random effects (Bolker et al., 2009; Wilson et al., 2010) . For more details of MCMC models, see Appendix S1 in the Supplementary Information.
We also developed simpler generalized linear mixed models for hatching rates by considering the main rotifer species as a fixed factor. For these simpler models, with less than three random effects, we adopted a frequentist approach, using the glmer function of the R package "lme4" (Bates et al., 2015) . We assumed a binomial distribution of data errors and that all effects were present regardless of their statistical significance (Bolker et al., 2009 ), although we removed the interaction term from the model (salinity:origin) if it did not reach significance. Linear and quadratic models using salinity concentration were compared, and we selected the model with the lower AIC value, which was established following the convention that two models have relatively equal support if the difference in AIC between them is <2 (Burnham and Anderson, 2002) . The influence of random factors was evaluated using the likelihood ratio test (LRT) (Pinheiro and Bates, 2000) . In post hoc analyses, pairwise comparisons in main effects with more than two categories (rotifer species) were made using the glht function of the R package "multcomp" (Hothorn et al., 2008) . We also tested for the simple main effects of interactions (rotifer species × salinity) to evaluate contrasts across the levels of one factor when values for other factors were fixed at a given level, using the testInteractions function of the R package "phia" (De Rosario-Martinez, 2015a , 2015b .
The day of hatching was also analysed with generalized linear mixed models assuming a Poisson distribution. The overdispersion assumption was tested in glmer models using overdisp_fun (Bolker et al., 2009) . MCMCglmm models include individual-level random effects, which solve overdispersion problems.
Because we used a single chamber for each temperature, the two temperature treatments were not truly replicated (Hurlbert, 1984) ; therefore, all analyses of rotifer hatching rates were separately performed for each temperature. Table I shows the species or genus of the zooplankton diapausing eggs according to their origin. Most of the diapausing eggs belonged to the genus Brachionus. Table I also exhibits the waterbird species from which we obtained faecal eggs, observing that most of these were found in faecal pellets of the mallard duck (Anas platyrynchos), tern (Sterna sp.) and common coot (Fulica atra).
R E S U L T S Overall description of diapausing eggs
In relation to the hatching experiments, most of the hatchlings in both sedimentary and faecal samples corresponded to the genus Brachionus (Table I) . Other species that hatched included Polyarthra sp., Hexarthra fennica, H. mira, Filinia longiseta and Cephalodella sp. from sediments and Polyarthra sp. and Dicranophorus sp. from faecal samples. No hatchlings were observed at 8 g L −1 of salinity from diapausing eggs isolated in faecal samples at 15°C, while some hatchlings were observed at 8 g L −1 in the other three treatments (Fig. 2) . Almost all hatchlings from faecal eggs corresponded to diapausing eggs isolated in mallard duck faecal samples, while no zooplankton hatchlings were observed from diapausing eggs isolated in common coot or tern faecal samples (Table I) , although rotifer diapausing eggs were isolated from the faeces of both of these waterbird species under all salinity treatments (8-11 diapausing eggs from coot droppings per salinity treatment and 15-19 diapausing eggs from tern droppings per salinity treatment). No rotifer hatchlings were observed for diapausing eggs in faecal samples from some other bird species, but these contained less abundant diapausing eggs in comparison to samples from tern or common coot (Table I) .
Hatching success from diapausing eggs of sedimentary versus faecal samples
The overall model reveals a clear linear negative effect of salinity on hatching success at 15°C, while the interaction term (salinity × origin) was "marginally" significant according to the credible intervals (Table II) . Figure 2 depicts the negative effect of salinity on egg hatching at 15°C and shows that the slope for diapausing eggs from waterbird faecal samples is slightly higher than for those from sedimentary samples. Given that A. platyrynchos was the only bird species from which zooplankton hatchlings were obtained at 15°C, there was a significant effect of waterbird species on hatching success (Table II) (Table II) . Salinity was also significant at 25°C but showed a quadratic relationship (Table II, Fig. 2 ), because the DIC value was higher in the linear model (ΔDIC = 9.1). In the latter models, the interaction between salinity and origin was excluded because of its high pMCMC value (0.8 and 0.9 in linear and quadratic models, respectively).
Because the random factor "rotifer species" was found to be influential in the models (Table II) , we analysed the hatching responses of the most representative species in both sediment and mallard faecal samples (B. angularis and B. calyciflorus) using a binomial mixed model. This analysis showed a negative effect of salinity, a significant effect of the origin of the eggs (higher rates from waterbird samples) and a marginally significant interaction effect on hatching success between the origin of the diapausing eggs and the rotifer species at 15°C (Table IIIa) . Because the interaction between salinity and rotifer species emerged as non-significant in a previous model (P = 0.65), this term was excluded from the final model in Table IIIa . Post hoc analysis of the interaction between diapausing egg origin and rotifer species at this temperature revealed significantly higher hatching success for B. angularis diapausing eggs from faecal samples than for those from sediments, while no significant effects were observed for B. calyciflorus eggs (Table IIIb) . However, there was no effect of salinity or differences in the hatching responses of rotifer species at a temperature of 25°C (Tables IIIa and IIIb) . Although the interaction between diapausing egg origin and species was not significant in this case, it was maintained for species comparison purposes. At any rate, the model was similar (AIC = 176.2) without the interaction. An individual linear mixed model for B. angularis alone also showed higher hatching success at 15°C for faecal eggs than for sedimentary eggs (Wald z = 2.13, P = 0.033, Fig. 3 ).
Hatching success from diapausing eggs of sedimentary samples
Analyses were also performed with sedimentary eggs alone in order to detect differences with the overall pattern of results observed and to study the relationship of salinity with the hatching success of rotifer species with a scant presence in faecal samples. These analyses showed no significant effect of salinity on rotifer hatching success at 15°C but a significant quadratic relationship of salinity with hatching success at 25°C (Table IV) . At 25°C, the DIC value was higher if a linear relationship with salinity was considered (ΔDIC = 10). The random factor "rotifer species" was again significant at both experimental temperatures (Table IV) ; therefore, this analysis Values that are statistically significant (main effects) are indicated in bold. Post.mean, posterior mean; CI, credible intervals; pMCMC = twice the posterior probability that the estimate is positive or negative, using the smaller of these probabilities. ΔDIC, difference between model deviance information criteria of the full model minus DIC of the simpler model without that term (large negative numbers indicate strong support for keeping the random term in the model).
was repeated using "rotifer species" as a fixed factor but including only the main rotifer species in both lakes (B. plicatilis, B. angularis and B. calyciflorus). Results indicated that salinity influenced the hatching success of B. plicatilis alone, at both 15°C (positive linear trend) and 25°C (quadratic trend) (Tables Va and Vb, Fig. 4) . Moreover, the hatching success was significantly higher for B. calyciflorus than for B. angularis at 15°C (Table Vb, Fig. 4) . Given that H. fennica was abundant in Santa Olalla lake but absent in Dulce lake, we performed an additional linear mixed model for this species, showing a quadratic effect of salinity on its hatching success at 15°C (LRT: Chi-squared = 8.99, df = 2, P = 0.011) but no effect at 25°C (P = 0.276). Because salinity was positively related to the hatching success of B. plicatilis at 15°C but negatively related to overall hatching data at this temperature (Table II) , we repeated the MCMC analysis excluding B. plicatilis. The results again showed a negative relationship between salinity and rotifer hatching success (posterior mean = −0.40, CI = −0.83 to −0.02, pMCMC = 0.032), but the interaction term (salinity × origin of the eggs) was now clearly non-significant (posterior mean = 0.22, CI = −0.21 to 0.65, pMCMC = 0.306). This indicates that the higher slope observed for faecal eggs in Figure 2 may be due to the scarcity of B. plicatilis eggs in faecal samples. When we excluded B. plicatilis eggs from the overall analysis of Table II at 25°C, there was no difference in the results.
Hatching success from diapausing eggs of faecal samples
Finally, we performed separate analyses of faecal eggs in each experiment, given that the random factor "experiment number" has only two levels. As there were some convergence problems with the glmer function, we also Values that are statistically significant (P < 0.05) are indicated in bold.  carried out the analyses separately for both lakes and/or used the MCMCglmm function, resulting in a good convergence of parameters and an absence of autocorrelation, despite the fewer cases than in previous analyses. Results showed a marginally significant effect of salinity on hatching success at 15°C but no significant effect at 25°C (Table VI) , and the relationship was linear. Waterbird species were slightly influential at 15°C in Experiment 5 because we observed hatchlings only from the mallard samples. Repeating the analysis in mallard faecal samples alone revealed a significant negative effect of salinity, with 95% credible intervals that did Values that are statistically significant (main effects) are indicated in bold. Post.mean, posterior mean; CI, credible intervals; pMCMC, twice the posterior probability that the estimate is positive or negative, using the smaller of these probabilities; ΔDIC, difference between model deviance information criteria of the full model minus DIC of the simpler model without that term (large negative numbers indicate strong support for keeping the random term in the model). According to the difference in the AIC, the relationships of salinity with hatching rates were linear at 15°C and quadratic at 25°C, because the quadratic AIC (167.9) exceeded the linear AIC (163.8) at the former temperature, while the linear AIC (255.7) exceeded the quadratic AIC (244.4) at the latter. Main results are expressed with the Anova function of the R package "car" (Fox & Weisberg, 2011) . Values that are statistically significant (P < 0.05) are indicated in bold. Chisq, Chi-square; df, degrees of freedom; SE, standard error.
not cross zero (posterior mean = −0.40, CI = −0.83 to −0.01, pMCMC = 0.035). No hatching was recorded in faecal eggs from Santa Olalla Lake at 15°C. In Experiment 6, salinity negatively affected the hatching success in Santa Olalla Lake and there were differences in response among rotifer species (Table VI) .
Day of egg hatching
The day of hatching ranged between 1 and 19 days. No effects of salinity or diapausing egg origin on the day of diapausing egg hatching were observed at either experimental temperature (pMCMC > 0.05). No differences among rotifer species were observed (P > 0.05).
D I S C U S S I O N
This is the first study to compare the hatching response of rotifer species between diapausing eggs from sediments and diapausing eggs from waterbird faecal samples. The response was also analysed at different salinity concentrations, but no interaction was found between the salinity and the origin of the eggs. However, the hatching response varied among rotifer species and among waterbird species. Results indicated a greater hatching success for dispersed eggs than for sedimentary eggs, at least for one rotifer species, suggesting that waterbird ingestion might change the hatching capability of some rotifer species. Further research is required to verify this hypothesis. The relationships of salinity with hatching rates were linear (15°C) and quadratic (25°C). Values that are statistically significant (P < 0.05) are indicated in bold. Chisq, Chi-squared value; df, degrees of freedom; SE, standard error. Results (MCMCglmm) for Experiment 5 focus on Dulce Lake because of the lack of hatchlings in Santa Olalla Lake. Results (glmer) for Experiment 6 were obtained from Santa Olalla lake at 25°C, because there were no hatchlings in the other treatments. Random factors were analysed according to the likelihood ratio test for Experiment 6. Values that are statistically significant are indicated in bold. Post.mean, posterior mean; CI, credible intervals; pMCMC, twice the posterior probability that the estimate is positive or negative, using the smaller of these probabilities; ΔDIC, difference between model deviance information criteria of the full model minus DIC of the simpler model without that term. Large negative numbers indicate strong support for keeping the random term in the model; Chisq, Chi-square value; df, degrees of freedom; SE, standard error.
In our study, the mean hatching success of rotifers from faecal eggs was around 11% overall, compared with rates of around 20% reported for aquatic leaf beetles (Laux and Kolsch, 2014) . In previous studies, except for Artemia cysts (Sanchez et al., 2012) , the hatching response of invertebrates was estimated by incubating inundated waterbird faecal samples with no previous isolation of the diapausing eggs (Frisch et al., 2007; Green et al., 2008; Laux and Kolsch, 2014; Valls et al., 2017) , preventing comparisons of hatching success among different zooplankton species. In the above studies, around 10-13% of waterbird droppings contained rotifer hatchlings, similar to our overall mean percentage. However, we individually isolated diapausing eggs from faecal samples, studied their hatching capability in isolated units and identified the rotifer species.
Other studies found only hatchlings of B. plicatilis, Brachionus sp., Cephalodella spp., Eosphora sp. and a few bdelloid rotifers in faecal droppings from coots, ducks or black swans (Frisch et al., 2007; Green et al., 2008; Valls et al., 2017) . However, they did not isolate the diapausing eggs, and post-hatching reproduction of individuals may, therefore, have occurred in their experiments. In our case, we found hatchlings of B. angularis, B. calyciflorus, Dicranophorus sp. and Polyarthra sp. from waterbird faecal droppings and we were able to estimate the specific hatching success by isolating the diapausing eggs before the experiments. We also found a further 10 rotifer species in the diapausing eggs of waterbird droppings that did not hatch (Table I) .
Rotifer populations were negatively affected in a similar manner by our moderate increases in salinity at 15°C, regardless of the origin of the diapausing eggs (sedimentary or faecal). Valls et al. (2017) found no effect of water salinity on the species composition of hatched individuals of microcrustacean species dispersed by waterbirds at 20°C, although some species hatched only at low salinity values. Nielsen et al. (2007) observed no negative effect of salinity pulses on zooplankton emergence from sediments, although the salinity range was lower (1-5 g L −1 ) than in the present study. Other studies have shown negative effects of salinity on rotifer hatching rates from sediment egg banks but at higher salinity ranges (Garcia-Roger et al., 2008; Nielsen et al., 2012 , Santangelo et al., 2014 . Moreover, diapausing eggs were not individually isolated, and no information was given on the number of diapausing eggs per species, limiting comparisons among studies. Santangelo et al. (2014) studied hatchling abundance and species richness at 24°C and found significant reductions in both at high salinity values (>16 g L
−1
). In our study, the hatching response to salinity concentration depended on the experimental temperature. Overall, we observed a negative effect of our moderate concentration range of salinity on hatching success at 15°C, while a quadratic relationship between hatching success and salinity was found at 25°C. Nevertheless, the salinity conditions under which the diapausing eggs were produced could influence their hatching response regardless of the temperature, because the salinity experienced during diapausing egg formation was found to be the optimal one for egg hatching in Brachionus (Kim and Hagiwara, 2011) . Our diapausing eggs may have been formed not only at moderate salinity concentrations but also at the high summer temperatures in this area, and these conditions could stimulate hatching. However, although our results suggest that the effect of salinity depends on the temperature, further studies are required to clarify these issues. Ginatullina et al. (2017) suggested a possible threshold of salinity at around 10 g L −1 for zooplankton communities, above which the species richness is decreased. Our results show that increases in salinity below this threshold may negatively affect the hatchlings of rotifer populations, although there are some exceptions if the salinity concentration does not exceed 8 g L −1
. In other invertebrates (anostracans), increased salinity may also inhibit hatching success (Atashbar et al., 2014) . A climate change-driven shift to oligohaline conditions (up to around 3 g L −1 of salinity) would not be relevant for the hatching success of these rotifer populations, but a change to mesohaline conditions (salinity >5-6 g L −1
) could have a dramatic impact. In anostracans, Pinceel et al. (2017) described delayed hatching in response to increased aridity. Rotifers may also adopt a bet-hedging strategy for choosing the optimal time to leave dormancy in response to habitat unpredictability (Garcia-Roger et al., 2014) , which may be related to climate change.
We observed variability in the hatching response of rotifer species to salinity concentrations, as previously described (Santangelo et al., 2014) . However, there has been no report on differences in the response to salinity as a function of temperature. Salinity showed a positive effect on the hatching success of B. plicalilis at 15°C and a quadratic effect at 25°C, while the hatching success of B. angularis and B. calyciflorus was to some degree negatively related to salinity at 15°C (Tables IIIa and IV) . Brachionus plicatilis use to inhabit salt waters (Campillo et al., 2011a , Ginatullina et al., 2017 , and Figure 6 of Santangelo et al. (2014) depicted a more or less quadratic pattern between hatchlings of this species and salinity, although this was not cited by the authors. However, the salinity range was much higher (0.1-32 g L −1
) than in our study. García-Roger et al. (2006) considered that B. plicatilis hatched successfully at a salinity level of 6 g L −1
. Finally, H. fennica showed a quadratic relationship with salinity at 15°C in our study. Santangelo et al. (2014) observed that the hatching of diapausing eggs of Hexarthra spp. at 24°C decreased as salinity increased, whereas we found no significant effect of salinity on hatchlings of H. fennica at 25°C. Nevertheless, experimental procedures differed between the studies, and H. fennica was probably not present in the study of Santangelo et al. (2014) . GarciaRoger et al. (2008) observed no effect of salinity on the hatching of H. fennica from sediments at 20°C, although they did not use a quadratic relationship, and this rotifer was present in a system with higher salinities (~15 g L
). Germination rates of aquatic plant species from waterbird faecal samples range between 0 and 54% (Wongsriphuek et al., 2008; Brochet et al., 2010; van Leeuwen et al. 2012 ) but may increase after gut passage (Espinar et al., 2004) , with reports that this effect may be influenced by the seed coat structure (Soons et al., 2008) . Thus, variations in the response to gut passage are greater among plant species than among waterbird species (Garcia-Alvarez et al., 2015) . Espinar et al. (2004) observed that germination rates of plant seeds may be increased by gut passage at low salinities, while gut passage may have a negative effect at increased salinity concentrations (Espinar et al., 2004 (Espinar et al., , 2006 . Espinar et al. (2004) found a quadratic pattern in the response of germination rate to salinity in two helophyte species, although these species showed no significant effect of gut passage on this rate. Ingestion also had no effect on the germination speed, although this was decreased at higher salinity levels. Similar results were obtained in our study, because most of the rotifer species did not appear to be affected by waterbird ingestion, while a negative relationship was observed between overall hatching success and salinity.
A further issue to consider is that the proportion of aquatic propagules surviving digestion may depend on the diet of the waterbirds (Green et al., 2002) . Charalambidou and Santamaría (2002) suggested that their survival is improved by a mixture of plant seeds and animal diet in comparison to seeds alone. Variations in the effects of ingestion by waterbirds could also be related to differences in the age and structure of the eggs, as proposed for the germination patterns of plant seeds after vertebrate ingestion (Traveset, 1998) . At any rate, Figuerola and Green (2004) argued that increases in the germination rate of aquatic plant seeds after ingestion are not necessarily beneficial for the plants, because they would depend on complex interactions with other factors, such as herbivore abundance.
In invertebrates, Sanchez et al. (2012) showed no significant differences in hatching between ingested and non-ingested cysts of two Artemia species, while Rogers (2014) observed a positive effect of gut passage on the hatching of various anostracan eggs. In our study, the rotifer B. angularis showed a higher hatching success from faecal eggs than from sedimentary eggs. In consequence, at least for this rotifer species, colonization opportunities could be greater for faecal eggs than for sedimentary eggs. Nevertheless, further studies are needed to elucidate whether the increase in hatching rates after gut passage is beneficial, as described above for plants.
Another striking result of our study is that hatchlings were detected in faecal droppings from only two waterbird species (Anas platyrhynchos and Anas clypeata). The number of diapausing eggs was low in faecal samples from the other species but abundant in those from Fulica atra and Sterna sp. It is difficult to explain why there were no hatchlings from these waterbird species. Higher hatchability in Artemia species has been related to the smaller gizzard size of waterbird species (Sanchez et al., 2012) , although this may be a less relevant issue for the small rotifer diapausing eggs. Frisch et al. (2007) reported cladoceran hatchlings from duck faeces but not from coot faeces; however, because they did not isolate the eggs from faecal samples, cladoceran eggs might have not been present in only 10 coot faecal droppings in their study, although they found rotifer hatchlings from some coot faeces. In a previous study in the same area, Figuerola et al. (2003) found only 12 cladoceran ephippia in 61 coot faecal droppings. Green et al. (2008) observed a higher abundance and hatching rate of invertebrate eggs in coot than in teal droppings, while rotifer hatchlings were observed in coot but not in teal droppings. They attributed these differences, at least in part, to the lower digestive efficiency of coots (herbivorous) than of teals (omnivorous). In contrast, no hatchlings were observed in the coot droppings in our study. Figuerola et al. (2010) suggested that the reduced seed germination rate of seeds from the redcrested pochard (predominantly herbivorous) may be due to the harsher treatment in the gut of this species. Piscivorous birds, such as little egrets, terns and common spoonbills, may carry out secondary dispersal of invertebrates by predation on fish (van Leeuwen et al., 2017) , and the lack of hatchlings could be related to a possible negative effect on diapausing egg viability of passage through two digestive systems, as suggested by van Leeuwen et al. (2017) for other aquatic propagules. Discrepancies may also be related to the collection of faecal samples from different lakes (Green et al., 2008) , although the lake location had no significant effect on hatching success or on the day of hatching in our study. It is, therefore, necessary to conduct further studies on the hatching capabilities of specific rotifer diapausing eggs as a function of waterbird species.
Given that dispersal by waterbirds can occur at ecological time scales, this mechanism responds to rapid environmental changes such as those associated with climate change (Viana et al., 2016) . Changes in the desiccation pattern could affect rotifer dispersal by waterbirds, while changes in salinity concentration due to climate change and water extraction could favour the local adaptation and evolutionary responses of rotifers. Our findings on the hatchlings of diapausing eggs indicate that B. plicatilis is better adapted to brackish conditions, while B. angularis and B. calyciflorus prefer freshwater conditions. Some authors have reported local adaptations to salinity in Daphnia (Liao et al., 2015) and B. plicatilis (Campillo et al., 2011a; Alcántara-Rodriguez et al., 2012) . Alcántara-Rodriguez et al. (2012) showed local adaptation to different salinity levels in B. plicatilis species of different origins, although they did not study evolutionary responses to salinity. However, Campillo et al. (2009) suggested that B. plicatilis populations may not be adapted to particular salinity values because of environmental fluctuations. Changes in water conditions may favour the establishment of arriving immigrants if the new conditions are similar to those of their lake of origin, even if there is already a well-established population (Campillo et al., 2011b) . Adaptation to salinity would not be frequent in unpredictable habitats, although salinity appears to be a key factor in local adaptation, despite the fact that many populations may share the same response to salinity (Campillo, et al., 2011a) . Further research is warranted on this local adaptation and on the evolutionary responses of rotifers to salinity.
C O N C L U S I O N S
Our results suggest that the resilience capacity and colonization of rotifers would be modulated by temperature in a scenario of moderately increased salinity levels (up to 4 g L −1 ) and that the rotifer hatching response could be favoured at those salinity levels if temperatures are high (Fig. 2) . However, the resilience of rotifers could dramatically decrease if the salinity increases above 8 g L −1
, even in the case of salt-tolerant species such as B. plicatilis, when temperatures are also high (Fig. 4) . Therefore, the expected increase in salinity and temperature of Mediterranean lakes due to climate change and compensatory increases in water abstraction would have consequences for the colonization patterns of rotifer species. Moreover, a higher hatching success of faecal eggs than of sedimentary eggs, as we observed for B. angularis, suggests that rotifer hatching success might be favoured by waterbird ingestion, although this was found to vary among waterbird species. Consequently, there is a need to study differences in hatchlings of faecal eggs among waterbird species under different conditions, because failures in the hatching response of the diapausing eggs may limit the potential of rotifer dispersal by waterbirds.
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